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Abstract
Since the three dimensional (3D) Dirac semi-metal Cd3As2 exists close to topological phase
boundaries, in principle it should be possible to drive it into exotic new phases, like topological su-
perconductors, by breaking certain symmetries. Here we show that the mesoscopic point-contacts
between silver (Ag) and Cd3As2 exhibit superconductivity up to a critical temperature (onset) of
6 K while neither Cd3As2 nor Ag are superconductors. A gap amplitude of 6.5 meV is measured
spectroscopically in this phase that varies weakly with temperature and survives up to a remark-
ably high temperature of 13 K indicating the presence of a robust normal-state pseudogap. The
observations indicate the emergence of a new unconventional superconducting phase that exists
only in a quantum mechanically confined region under a point-contact between a Dirac semi-metal
and a normal metal.
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Although the 3D topological Dirac semi-metals[1–3] can be stable where the Dirac points
are protected by symmetry, they exist close to topological phase boundaries, and there-
fore, they are expected to be driven into topologically distinct phases by explicit symmetry
breaking[4]. The proposed new phases of matter that could be derived from a 3D topological
Dirac semi-metal through explicit symmetry breaking include new topological insulators[5],
Weyl semi-metals[6, 7], and topological superconductors[8–11]. Therefore, the 3D Dirac
semi-metals provide a novel platform where topologically diverse quantum phase transitions
can be realized. Recently the II-V semiconductor Cd3As2 has been shown to be a stable 3D
Dirac semi-metal by angle resolved photoemission spectroscopy (ARPES)[2] and scanning
tunneling spectroscopy (STS)[12] experiments. The ARPES experiments concluded that
Dirac fermions exist in the bulk of Cd3As2 with linear energy dispersion along all three
directions in the momentum space. The STS experiments revealed that the impurities in
Cd3As2 influence only the valence bands which explains remarkably high mobility in Cd3As2.
All the theoretical and experimental works mentioned above have emphasized on one key
point–that it should be possible to drive Cd3As2 into even more exotic states of matter and
devices with novel functionalities can be obtained on Cd3As2. However, until now a practical
realization of these ideas have been lacking. In this report, we show that nanometer scale
junctions between pure elemental normal metals like silver (Ag), platinum (Pt) and gold
(Au) and the 3D Dirac semi-metal Cd3As2 exhibit unconventional superconductivity up to
a critical temperature Tc of 6 K. A prominent, nearly temperature-independent pseudogap
is observed up to a remarkably high temperature of 13 K.
In Figure 1 (A) we demonstrate a schematic diagram describing how the mesoscopic point-
contacts between the metallic tips and Cd3As2 were formed in-situ at low temperatures and
how the transport and spectroscopic properties were measured that lead to the discovery
of the superconducting phase[13]. We first brought a sharp silver tip in contact with the
sample (Cd3As2) to form a point-contact and measured the differential resistance (dV/dI) of
the point-contact in a pseudo-four-probe geometry by a lock-in modulation technique [13].
The resistance RPC of such a point-contact is generally given by Wexler’s formula[14]:
RPC =
2h/e2
(akF )2
+Γ(l/a)ρ(T )
2a
, where h is Planck’s constant, e is the charge of a single electron, a
is the contact diameter, Γ(l/a) is a slowly varying function of the order of unity, ρ is the bulk
resistivity of the material and T is the effective temperature at the point-contact. The first
term is known as Sharvin’s resistance (RS)[15] that depends on the fundamental constants
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FIG. 1. (A) The schematic diagram representing the point-contact and the measurement electrodes.
(B) A normalized differential resistance ((dV/dI)N ) spectrum in the thermal regime: The peaks in
(dV/dI)N originate due to the critical current of the superconducting junction. (C) Resistance (R)
of the point-contact as in (B) vs. temperature (T ) showing the superconducting transition. The
inset depicts the two probe resistance of the sample measured between the electrodes 3 and 4 in-
situ. The sample does not show superconducting transition confirming that the superconductivity
occurs only under the point-contact. (D) Additional spectra in the thermal regime showing the
superconductivity-related features such as drop in differential resistance at lower voltage and the
critical current driven peaks in (dV/dI)N and (E) R-T curves for corresponding point-contacts in
(D) showing superconducting transition.
h, e and the number of conducting channels. Therefore RS is temperature independent. The
second term is called the Maxwell’s resistance (RM) which depends directly on the resistivity
of the materials forming the point-contact. The above equation also suggests that when
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the contact diameter is small (i.e., the contact is in the ballistic regime where the contact
diameter is smaller than the inelastic and elastic mean free paths), RS decides the contact
resistance that remains temperature independent. However, when the contact diameter is
large (thermal regime), RM contributes most to the total contact resistance. Therefore
resistive transitions lead to non-linearities in the I − V characteristics of point-contacts in
the thermal regime[16]. No spectroscopy can be performed in the thermal regime due to the
permitted inelastic processes at the interface. However, the point-contacts in the thermal
regime can be used to detect the existence of superconductivity in complex systems[16].
Two sharp peaks symmetric about V = 0 in dV/dI vs. V plots obtained from thermal limit
point-contacts is a signature of superconductivity in the point-contacts[16, 17].
In this report we present the data obtained from Cd3As2 point-contacts with Ag tips
in detail. However, we have observed similar results with Pt and Au tips. Please see
supplementary material for the data obtained with other metallic tips[13].
The measured normalized differential resistance ((dV/dI)N) as a function of a dc-bias
(V ) developed across a point-contact between Ag and Cd3As2 is shown in Figure 1 (B). Two
sharp peaks in (dV/dI)N are observed at ±5mV respectively. This spectrum is strikingly
similar to the typical (dV/dI)N spectra obtained from a superconducting point-contact when
the contact is close to the thermal regime of transport as discussed above. The peaks appear
when the dc-current flowing through the point-contact reaches the critical current for the
given point-contact. Below that voltage (dV/dI)N shows a dip due to the transition to the
superconducting state[16]. We have also measured the resistance of the point-contact (R)
as a function of temperature (T) by sending an ac-current through electrodes 1 and 4 and
by measuring the ac-voltage drop between the electrodes 2 and 3 with applied V = 0. As
shown in Figure 1(C), we clearly see the signature of a superconducting transition in the
R-T plot. The onset of this transition is at 6K and the transition completes at 1.4 K with a
broad transition width of ∼ 5 K [18]. Since neither Cd3As2 nor Ag are superconductors[13]
it is rational to conclude that only a confined region at the interface between Ag and Cd3As2
becomes superconducting giving rise to a novel state of matter that exists only in a confined
region involving a 3-D Dirac semi-metal.
The critical current of a point-contact in the thermal limit should be dependent on the
contact geometry and therefore the over-all shape of the (dV/dI)N spectrum and the position
of the critical current driven peaks in (dV/dI)N for superconducting point-contacts must
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FIG. 2. (A) The magnetic field dependence of a spectrum in the thermal regime. The peaks
in normalized differential resistance ((dV/dI)N ) due to critical current of the superconducting
point-contact are indicated by arrows. (B) Magnetic field dependence of critical current (IC) for
the point-contact in the thermal regime. (C) The magnetic field dependence of a point-contact
spectrum in the intermediate regime. The peaks in (dV/dI)N originating from critical current of the
superconducting point-contact and the dips in (dV/dI)N originating from the Andreev reflection
(AR) at the interface between Cd3As2 and Ag are indicated by arrows. (D) The magnetic field
dependence of the critical current for the spectrum in the intermediate regime. (E) Magnetic field
dependence of the position of the AR dip (this is approximately equal to the gap ∆. However, it is
known that in the non-ballistic limit the gap is always underestimated[16]). The dotted lines are
linear fits.
vary from contact to contact. In order to confirm this fact with the point-contacts formed
on Cd3As2, we have repeated the measurements on more than 50 point-contacts on two
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samples grown in different batches. Some of the representative (dV/dI)N spectra are shown
in Figure 1(D) and the corresponding R-T data are also shown in Figure 1(E). For all the
point-contacts in the thermal limit we observe the critical current driven peaks in (dV/dI)N
and the position of the peaks are different for different contacts confirming the geometry
dependence of critical current. The size of the point-contacts that we have investigated
varied between 20 nm and 450 nm (estimated using Wexler’s formula)[13]. No systematic
dependence of the critical current on the contact size was found.
FIG. 3. (A) Spectra captured from three point-contacts in the ballistic regime showing the gap (∆)
features. The spectra have been given a vertical shift for visual clarity. The scheme of computing
∆ is also shown. (B) Temperature evolution of a spectrum showing the gap feature (∆). inset: The
temperature dependence of ∆. In this plot we show more data points than the number of spectra
shown. ∆ survives above 13 K which is more than 2 times Tc and does not show considerable
temperature dependence indicating the presence of a pseudogap.
In Figure 2(A) we show how the critical current dominated spectra obtained from the
point-contacts in the thermal limit evolve with magnetic field. The central dip (due to
superconducting transition below the critical current) in the spectra evolves smoothly with
magnetic field and disappear at Hc = 4.5 T. The critical-current driven side-peaks also
show systematic evolution with magnetic field. Since the position of the peaks directly
give the value of the critical current for a given point-contact, it is possible to plot the
critical current as a function of field directly from this data. This plot has been shown in
Figure 2(C). As expected for superconducting junctions, the critical current decreases with
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increasing magnetic field[19].
When the point-contacts are in the ballistic regime of transport, where the quasiparticles
do not undergo scattering within the contact region, it is possible to perform Andreev
reflection spectroscopy and energy resolved information about the superconducting energy
gap can be extracted[20]. In order to obtain point-contacts in the ballistic limit we have
followed the recipe described by Sheetet al.[16]. Following this recipe, we have withdrawn the
Ag tip slowly until the critical current driven peaks disappeared and the features associated
with Andreev reflection appeared in the spectra. As the tip is withdrawn slowly, the thermal
regime point-contacts transition to a ballistic regime through an intermediate regime where
both RS and RM contribute[16]. One representative spectrum in the intermediate regime is
shown in Figure 2 (C). As expected for superconducting point-contacts in the intermediate
regime of transport, we have found signature of critical current driven features (peaks in
(dV/dI)N symmetric about V = 0) as well as Andreev reflection driven features (dips in
(dV/dI)N symmetric about V =0) in the spectrum. In this case the gap-structure appears
at a lower voltage due to the thermal contribution to the spectrum[16, 17]. The magnetic
field dependence of the same spectrum is also shown in Figure 2(C) where it is seen that
the critical current (Ic) decreases with increasing magnetic field (H). The Ic vs. H plot
for the same point-contact is shown in Figure 2(D). The magnetic field evolution of the
gap structure (Figure 2(E)) shows that the gap changes almost linearly with magnetic field.
The linear extrapolation of this dependence indicates a critical field of 4.5 T where the gap
structure is expected to disappear.
Representative spectra obtained from three point-contacts in the ballistic regime are
shown in Figure 3(A). The ballistic nature of such point-contacts were verified by measur-
ing the temperature dependence of the normal state resistance that remained temperature
independent. Two peaks symmetric about V = 0 appear in the differential conductance
((dI/dV )N) vs. V spectra at 1.4 K – this feature is a hallmark of Andreev reflection with
a finite potential barrier at a superconducting junction[20]. The peaks are significantly
broader than what is expected from the theory of Blonder, Tinkham and Klapwijk (BTK)
that is traditionally used to analyze Andreev reflection spectra obtained on conventional
BCS superconductors[20]. This might be due to a large inelastic broadening parameter at
the interface[21] or due to the existence of multiple gaps[22]. Nevertheless, the position of
the peaks provide an approximate estimate of the gap [20]. From the spectra provided in
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Figure 3(A) it is found that the magnitude of the gap in this case is approximately 6.5 meV.
This value is unusually large given the low Tc (< 6 K) of the superconducting phase as that
points to a dramatically large value for ∆/kBTc ∼ 10.
FIG. 4. (A) The magnetic field evolution of a spectrum in the ballistic regime showing the gap
feature as well as a prominent ZBCP. (B) The field evolution of estimated ∆. The inset shows the
peak in (dI/dV )N corresponding to ∆. (C) The field dependence of the ZBCP height. The scheme
followed for mesuring the ZBCP height is shown in the inset.
In order to obtain further insight about the gap feature observed at 1.4 K we have per-
formed temperature dependence of the (dI/dV )N spectra in the ballistic regime. The tem-
perature dependent spectra are shown in Figure 3(B). Surprisingly, the position of the peak in
(dI/dV )N does not show significant shift with increasing temperature and the peaks survive
up to 14 K beyond which the spectra become flat due to thermal broadening. This observa-
tion is strikingly similar to the pseudo-gap feature observed in case of the cuprates where the
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peaks in (dI/dV )N representing the pseudogap do not shift with temperature[23]. It should
also be noted that although the onset temperature of superconductivity is 6 K, the Andreev
reflection like features are observed up to 13 K. Similar observation was made earlier in
the context of the ferro-pnictide[25, 26] and the chalcogenide superconductors[26]. This was
attributed to (1) Andreev reflection originating from pre-formed phase incoherent Cooper
pairs[24] in the normal state of epitaxial thin films of ferropnictide superconductors[25] and
(2)a novel phase of matter not related to superconductivity in the normal state of the iron
chalcogenide superconductors[26]. However, in the second case the spectral features exhibit
a systematic temperature dependence unlike what we observe here.
We should also consider two important facts here: (1) The spectra that is obtained in
the zero-resistance state of the superconductor (at T = 1.4 K) does not alter at higher
temperatures and (2) the temperature dependence shows striking similarities with what was
observed for the pseudogap on the cuprates. Based on these it is rational to conclude that
in the present case the peaks in (dI/dV )N originate from a normal state pseudogap of the
superconducting phase formed at the constriction.
In order to investigate the relation of this gap with superconductivity, we have probed
the magnetic field dependence of the spectra obtained on another point-contact in the bal-
listic regime (Figure 4(A)). The gap features show systematic dependence on magnetic field
and the extrapolation of this dependence indicates that the gap feature vanishes at 6.5
T. Therefore, it is confirmed that in this case the pseudogap is a precursor phase to the
superconducting state.
All the spectra obtained in the ballistic regime also show a small peak structure in
(dI/dV )N at V =0. When the over-all signal is large, this structure is clearly visible. As
shown in Figure 4(A), for certain point-contacts, this zero-bias conductance peak (ZBCP) is
pronounced and clearly visible. The magnetic field dependence of this feature is presented in
Figure 4(C). It is observed that the ZBCP does not undergo splitting and slowly fades away
with increasing magnetic field. The linear extrapolation of the magnetic field dependence
indicates that the ZBCP vanished at 6.5 T, which is same as the field where the other
superconductivity related features disappear. Such a ZBCP with similar magnetic field
dependence was earlier observed in the topological superconductor CuxBi2Se3, where the
ZBCP was attributed to the existence of Majorana Fermions[27]. Therefore, our study points
to the possible existence of Majorana Fermions in the superconductor formed at the point-
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contacts indicating the possibility of the new superconducting phase being a topological
superconductor.
In conclusion, we have discovered an exotic unconventional superconducting phase at
nano-meter scale interfaces between pure elemental metals and the 3-D Dirac semi-metal
Cd3As2 up to 7K. We also found evidence of a robust, temperature independent pseudogap
up to 13 K. We found the signature of a ZBCP that could be the signature of topologi-
cal superconductivity. The new phenomenon reported here is intriguing and therefore, this
will motivate rigorous theoretical work. It is expected that following this work new de-
vices involving the new 3-D topological Dirac semi-metals will be fabricated for exploring
further intriguing phases of matter in confined dimensions. The superconducting phase
presented here may be realized in nanostructured devices, interfaces, nano-particles and
nano-composites involving Cd3As2 and elemental normal metals like Ag, Au or Pt.
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Supplementary Materials
Synthesis
Polycrystalline samples of Cd3As2 were obtained by heating the stoichiometric mixture of the
constituent elements. A mixture of Cd and As powder (∼ 1 gram) was sealed in an evacuated
quartz tube (∼ 10−5 mbar), heated at 5000C for 8 hours, then at 8500C for 24 hours with a
typical ramping rate of 10C/min and furnace cooled to room temperature. The shiny black
crystalline product thus obtained was ground well, pelletized (φ = 8 mm) and heated again in
vacuum at 4000C for 6 h for homogenization. The pellet was shiny black and hard in nature.
Characterization
X-ray diffraction: The samples were characterized by powder X-ray diffraction technique
using Cu-Kα radiation (λ = 1.5406) on a Bruker D8 Advance diffractometer. All the peaks
could be indexed on the basis of a centrosymmetric tetragonal cell in I41/acd space group as
reported by Cava et. al.[28]. The sample was pure with no apparent impurity phase present in
the resolution limit of X-ray diffraction analysis. Lattice parameters calculated using Le‘Bail
method were in close agreement with the literature values (Fig. S1). In fig.S1 we show the
Le‘Bail fit to the powder x-ray diffraction pattern of polycrystalline Cd3As2. The vertical
bars indicate the allowed Bragg reflections.
Energy dispersive X-ray analysis (EDAX): Compositional analysis was done using a
SEM-EDAX. The average stoichiometry found after collecting data on each sample at many
different regions was close to 3:2 (Cd:As). There were some regions were As was slightly
deficient ( 5%). Fig. S2 shows the presence of Cd and As. C and Si comes from the carbon
tape and detector respectively. Inset of Fig. S2 shows a typical electron image of the polished
pellet on which measurements were performed.
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FIG. S1. Powder x-ray diffraction pattern of polycrystalline Cd3As2 fitted with Le‘Bail. The
vertical bars indicate the allowed Bragg reflections.
Magnetization of the bulk Cd3As2 samples: The VSM (Vibrating Sample Magnetome-
ter) experiment was done to investigate the possibility of hidden bulk superconducting phase
in the material. The measurement was done in a Quantum Design (QD) PPMS (Physical
properties measurement system) with a VSM probe supplied by QD. The measurement field
was 100 Oe. The magnetization does not show any diamagnetic transition down to 2 K.
Four-probe resistivity of bulk Cd3As2 samples: Resistivity of the samples that were used
for the point-contact spectroscopy measurements was measured by a four-probe technique. The
resistivity as a function of temperature of one of the samples is presented in Fig. S4. The sample
shows semi-metallic behavior down to 1.4 K. This further confirms that no superconducting
phase is present in the bulk.
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FIG. S2. EDAX spectrum of Cd3As2. The inset shows image of polished pellet of Cd3As2.
FIG. S3. Magnetization vs. temperature of the bulk sample measured in a VSM in a Quantum
Design PPMS. The bulk sample does not show any diamagnetic transition at low temperature
down to 2 K.
Low-temperature measurements
The low temperature measurements were performed in a liquid helium cryostat working down
to 1.4K. The cryostat is equipped with a dynamic variable temperature insert (VTI) inside
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FIG. S4. Four probe resistance vs. temperature of bulk Cd3As2.
which there is one static VTI. The bottom part of the static VTI is made of copper for
efficient cooling. The sample goes inside the static VTI which is first evacuated and then filled
with dry helium exchange gas. The cryostat is also equipped with a three-axis vector magnet.
The vector magnet can apply a maximum magnetic field of 6T along the vertical direction
using a superconducting solenoid and 1T in the horizontal plane using four superconducting
Helmholtz coils. For the measurements presented in this paper, magnetic field was applied in
the vertical direction, perpendicular to the sample surface using the solenoid.
Point-contact Spectroscopy: Point-contact spectroscopy experiments were performed us-
ing a home-built low-temperature probe. The probe consists of a long stainless steel tube at
the end of which the probe-head is mounted. The probe head is equipped with a 100 threads
per inch (t.p.i.) differential screw that is rotated by a shaft running to the top of the cryostat.
The screw drives a tip-holder up and down with respect to the sample. The sample-holder is
made of a 1” dia. copper disk. A cernox thermometer was mounted on the copper disc for the
measurement of the temperature. The temperature of the disc was varied by a heater mounted
on the same copper disc. The tips were fabricated by cutting a 0.25 mm dia. metal wire at an
angle. The tip was mounted on the tip holder and two gold contact leads were made on the
tip with silver epoxy. The samples were mounted on the sample holder and two silver-epoxy
contact leads were mounted on the sample as well. These four leads were used to measure the
differential resistance (dV/dI) across the point-contacts. The leads 3 and 4 were used to carry
out the two-probe resitivity measurements.
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FIG. S5. Schematic diagram describing the point-contact spectroscopy measurements.
The point-contact spectra were captured by ac-modulation technique using a lock-in-amplifier
(Model: SR830 DSP) (as shown in the schematic diagram). A voltage to current converter
was fabricated to which a dc input coupled with a very small ac input was fed. The output
current had a dc and a small ac component. This current passed through the point-contact.
The dc output voltage across the point-contact, V was measured by a digital multimeter
(model: Keithley 2000 ) and the ac output voltage was measured by a lock-in amplifier
working at 670 Hz. The first harmonic response of the lockin could be taken to be proportional
to the differential change in the voltage dV . The current was passed through a standard 3.3
kΩ resistor in series with the point contact. The drop across this resistor was measured by
another lock in amplifier. This gave the estimate of the ac current passing through the point
contact which is proportional to dI. dI/dV is plotted against V to generate the point-contact
spectrum. We have normalized the spectra that are presented in this paper. The software for
data acquisition was developed in house using lab-view.
How did we determine the critical temperature (Tc)?
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For all the point-contacts reported here we have measured the temperature (T ) dependence
of the point-contact resistance (R) with V = 0. The R − T data show a broad transition to
the superconducting state. We have drawn the slope of the R − T curves above and below
the onset of transitions. The temperature at which the two slopes for a given R − T curve
meet has been taken as the Tc for the corresponding point-contacts. It is important to note
that for the ballistic point-contacts we cannot measure the Tc as for such point-contacts the
contact-resistance depends only on fundamental constants and remain temperature indepen-
dent. However, from the thermal limit point-contacts we learn that the Tc does not have a
strong dependence on contact size and therefore it is rational to conclude that for the ballistic
point-contacts Tc remains close to 6 K.
Measurements with Pt and Au tips: In order to investigate whether the new super-
conducting phase emerges only in a point-contact with silver (Ag) tip, we have performed
measurements with platinum (Pt) and gold (Au) tips as well. It is observed that for all metal-
lic tips the superconducting phase emerges. The data obtained between Cd3As2 and Pt and
Au tips are shown in Fig. S6.
On the size of the point-contacts: The point-contact spectroscopy measurements were
done at different points on two samples grown in two different batches. The contact size was
estimated from the normal state resistance (at high V ) following Wexler’s formula given by:
RPC =
2h/e2
(akF )2
+ Γ(l/a)
ρ(T )
2a
where, Γ(l/a) is a numerical factor close to unity. a is the contact diameter and 2h/e2
is quantum resistance i.e. 50kΩ. kF is the magnitude of the Fermi wave vector which is
0.04A˚ for Cd3As2 and ρ(T ) is resistivity at temperature T(in K). ρ(1.5) = 28µΩ − cm for
Cd3As2 (measured by conventional four-probe method).
References:
[28] M. N. Ali, Q. Gibson, S. Jeon, B. B. Zhou, A Yazdani, and R. J. Cava, Inorg. Chem. 53, 4062
(2014).
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FIG. S6. (A) and (B) showing representative spectra with superconducting dips that were obtained
from two different point-contacts on Cd3As2 with a Pt tip.(C) A spectrum obtained with Au tip.
This spectrum also shows the signature of the gap structure. (D) Resistance vs. temperature of the
point-contact shown in (A). The superconducting transition is clearly seen at 5.3 K.
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FIG. S7. A representative list of the normal state resistance and size of the point-contacts.
20
